Background: The determinants that promote successful ageing still remain unknown.
Introduction
It is well known that ageing is associated with various physiological changes. Changes in body composition and especially in muscle mass tissue as well as in the body fat are associated with advanced age [1] . It has been reported that the muscle mass loss is almost 2% for the middle aged populations while for the octogenarians this muscle tissue loss is around 50% in comparison with younger populations [2] . Skeletal muscle mass consists almost the half of body mass and has an important role in mobility as well as in various body's metabolic functions [3, 4] . Taking into account its aforementioned role, any decline in the skeletal muscle mass has an inverse effect on human health. Muscle mass decline has been related with various disability patterns, with mental health disorders (i.e. cognitive problems) as well as with increased mortality [3, 4, 5] . The decline in muscle mass is often replaced by increase in the body fat mass [1] . Moreover it has been reported that not only the muscle mass loss but also the increase in body fat has been related with various co-morbidities, for the older adults. It is well known that high body fat (i.e. central obesity, excess waist circumference) is associated with various metabolic disorders such as, diabetes mellitus, hypertension, metabolic syndrome, cardiovascular diseases (CVDs), cancer and low quality of life [6] .
Determinants that promote successful ageing still remain not well understood and appreciated. Clearly the process of ageing is quite complex and is associated with a variety of factors, not only with physical health. Successful ageing is a concept which is considered as low probability of disease and disability, high cognitive and physical capacity, active participation throughout various social activities and represents the 4 aforementioned complexity in the ageing process [7, 8] . A variety of factors have been associated with successful ageing such as high waist circumference, alcohol consumption as well as various co-morbidities [8] . However until now, the role of skeletal muscle mass and BF% in the level of successful ageing has never been explored in the past.
Given the complexity of ageing pathway, the association of skeletal muscle mass and body fat with elder's health and with the ageing process, together with the lack of data among Mediterranean populations, the aim of the present work was to evaluate the role of skeletal muscle mass and BF%, in the level of successful ageing of a random sample of older adults living in the Mediterranean basin and who participated in the MEDIS (MEDiterranean ISlands) study. Specifically, it was hypothesized that those with higher skeletal muscle mass and lower body fat percentage would be more likely to have higher successful ageing levels compared to those individuals with lower skeletal muscle mass and higher body fat percentage. Additionally, the older Mediterranean's had rarely been studied in the past; a fact that makes this survey of major importance, as it included islands (i.e., Corfu and Crete, known from the historical Seven Countries Study and Ikaria, known from the Blue Zones) where others have previously reported determinants of healthy ageing and long-living [9] .
Methods

The MEDIS study sample
During 2005-2011, a population-based, multi-national, convenience sampling was performed to voluntarily enroll n = 2512 older people from 21 Mediterranean islands:
Republic of Cyprus (n=300), Malta (n=250), Sardinia (n=60), Sicily (n=50), Mallorca 5 and Menorca (n=111) and the Greek islands of Lesvos (n=142), Samothrace (n=100), Cephalonia (n=115), Crete (n=131), Corfu (n=149), Limnos (n=150), Ikaria (n=76), Syros (n=151), Naxos (n=145), Zakynthos (n=103), Salamina (n=147), Kassos (n=52), Rhodes and Karpathos (n=149), Tinos (n=129), as well as n=300 older adults from the rural region of Mani (a southern Greek peninsula). The sampling scheme anticipated a target sample size of 300 older people from Cyprus and Malta and at least 100 from each of the other islands; according to an a-priori power analysis, a sample of 2500 participants is adequate to test two-sided hypotheses of odds ratios equal to 1.20 achieving statistical power >80%. According to the study's protocol, individuals were not eligible for inclusion if they resided in assisted-living centers, had a clinical history of cardiovascular disease (CVD) or cancer, or had lived away from the island for a considerable period of time during their lives (i.e., >5 years); these exclusion criteria were applied because the study aimed to assess lifestyle habits that were not subject to modifications due to existing chronic health conditions or by environmental factors, other than living milieu. A group of health scientists (physicians, dietitians and nurses) with experience in field investigation collected all the required information using a quantitative questionnaire and standard procedures. inadequate to cover daily expenses = 1, medium, trying hard to cover daily expenses = 2, good, adequate to cover daily expenses = 3, very good, very adequate to cover daily expenses = 4); this scale was decided upon because of the variety of the populations studied, as well as the common difficulty of accessing exact financial data. The participants that were in the upper category were classified as participants with high financial status while all the others were classified as low and medium financial status (high vs. low-medium financial status).
Physical activity was evaluated in MET-minutes per week, using the shortened, translated in all the cohort´s languages and validated in Greek version of the self-reported
International Physical Activity Questionnaire (IPAQ) [15] . As minimally active or "health-enhancing physical activity (HEPA) active" were classified individuals who reported at least 3 MET-minutes per week. Furthermore, the weekly frequency of physical activity was recorded. Dietary habits were assessed through a semi-quantitative, validated and reproducible food-frequency questionnaire [16] . To evaluate the level of adherence to the Mediterranean diet, the MedDietScore (theoretical range 0-55) was used 8 [17] . Higher values for this diet score indicate greater adherence to the Mediterranean diet. Energy intake was evaluated through the quantification of the portions of foods and beverages consumed, using food composition tables [18, 19] . Total daily energy expenditure (TEE) was estimated using the Schofield prediction equations, adopted by the 2004 FAO/WHO/UNU report [20] , using age, weight and self-reported physical activity level (PAL) information (i.e. frequency and kind of physical activities as well as the duration of the activity). Moreover, the energy balance was calculated throughout the equation: Energy Balance = Energy intake -Total energy expenditure. Negative energy balance was considered when energy balance was < 0, while positive energy balance was considered when energy balance was > 0 [21] . Furthermore, consumption of various alcoholic beverages (i.e., wine, beer, whiskey, vodka, and the traditional ouzo, tsipouro and retsina) was measured in terms of wineglasses per day, adjusted for ethanol intake (i.e., one 100 ml glass was considered to have 12% ethanol) and classified for the present analyses, into 0 for no alcohol consumption and 1 for alcohol consumption of at least 1 glass/week. A similar dichotomized coding followed for the tea and coffee consumption.
Current smokers were defined as smokers at the time of the interview. Former smokers were defined as those who had previously smoked, but had not done so for a year or more. The remaining participants were defined as occasional or non-current smokers. Symptoms of depression during the previous month were assessed using the validated and locally adopted version of the shortened, self-report Geriatric Depression Scale (GDS) (range 0-20) [22] . Moreover, in order to evaluate the older adult's social participation, the weekly frequency of their social activities with their family, their friends as well as their yearly frequency of excursions were recorded.
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Further details about the MEDIS study protocol may be found elsewhere [23] .
Evaluated outcomes
Following the multi-dimensional approach of successful ageing already reported by several experts [24, 25] as well as the MEDIS study group [8, 26, 27] , 10 components (i.e., education as measured in years if school, financial status, physical activity status as classified using the IPAQ, body mass index, psychological level as measured using the GDS score, participation in social activities with friends, with family, yearly excursions, burden of CVD risk factors and dietary habits as evaluated using the MedDietScore) were incorporated for the measurement of successful ageing. The composed successful ageing index was represented as the cumulative score of the 10 components (theoretical range 0-10); specifically, individual ratings (from 0 to 1) in each of the 10 components were assigned, according to their positive or negative (i.e. reverse scoring) influence on successful ageing [8, 26, 27] . Furthermore, the tertiles of the successful ageing index, i.e.
1.91/10, 1.92.-3.08/10 and >3.09/10 were used as cutoffs to classify participants as low, moderate or high successful agers.
Statistical analysis
Continuous variables are presented as mean ± standard deviation (SD) and categorical variables as frequencies. Comparisons of continuous variables between groups of study were performed using the independent samples t-test and the Analysis of 
Results
In the entire sample, the mean ASM mass was 24±6.0 kg, the mean SMI was 0.84±0.21
and the mean BF% was 44%. The females had lower SMI and higher BF% comparing with the males, respectively (SMI: 0.66±0.09 vs. adherence to the Mediterranean diet (p=0.009), while the most of them were living alone (p<0.001). Moreover, no differences were observed between both age (<80 vs. >80 years old) with regards to BF%, the prevalence of hypertension, diabetes, and the level of successful ageing.
[ Table 1 ]
In Table 2 factors associated with the level of successful ageing among older
Mediterranean individuals, are presented. Specifically, compared with low successful agers, the medium and high ones were not living alone (p<0.001), were greater ever smokers (p<0.001), had higher alcohol consumption (p<0.001), while they had higher appendicular skeletal muscle mass (kg) (p=0.01), higher rates of the SMI (ASM kg/BMI) (p<0.001), lower BF% (p<0.001) and lower waist circumference (p<0.001).
[ 
Discussion
In the present work it was revealed that skeletal muscle mass levels was positively associated with the successful ageing score of the older adults, irrespective of age, urban residence, sex, living alone, smoking habits, alcohol, and coffee and tea consumption. In addition, an inverse association among the BF% and the older adult's successful ageing level was reported. The aforementioned confirms the study's main hypothesis that higher skeletal muscle mass levels and lower BF% is related with better successful ageing among the older adults. The by-energy-balance group analysis reported that the later findings remained consistent among the positive and negative energy balance grouped participants. However, the changes in the SMI had greater effect among those in the group of the high energy intake. Moreover it was reported that the greater the alterations in the SMI, the greater the effect in the successful ageing level of the oldest old, in comparison with the younger participants. All of the aforementioned relationships, especially among elderly Mediterranean populations, have rarely been studied.
Despite the lack of previous findings regarding skeletal muscle mass and successful ageing among older populations, a number of studies have previously reported the role of skeletal muscle tissue on human health [3, 28] . Also in the literature it is reported that the oldest old facing greater declines in their muscle tissue [2] . Specifically, 14 Baumgartner et al., in the New Mexico Elder Health Survey reported that advanced age (>75 years old) was related to 3.28 and 2.28 higher odds of sarcopenia in males and females, respectively [2] . The later was also confirmed from the applied data analysis where the population ≥80 years old had lower rates in ASM and in the SMI. Within our unadjusted data analysis the greater the level of successful ageing the lower was the decline of skeletal muscle mass as well as the increase BF%. According to several researchers, the excess decrease in skeletal muscle mass was associated with higher disability and mortality rates as well as with various co-morbidities [3, 28] . In parallel the excess body fat, it is well known that is related with higher morbidity and mortality rates among the populations of various ages. [29] . In recent well documented multi-country study it was reported that sarcopenic obesity (a combination of low muscle mass with excess BF%) was associated with greater levels of disability [b-coefficient 3.01 (95%CI 1.14-4.88)] [30] . Also, throughout the unadjusted analysis, the older adults ever smoked had high degree of successful ageing. The later contradictory finding may have been altered due to the cross-sectional nature of the study, the potential survival bias, and/or lifestyle modifications due to doctor´s consultations (probably older participants have modified their smoking habits not only because of age, but also because of known comorbidities).
It has been reported that the process of muscle mass decline is multi-dynamic and is related with advanced age, various chronic diseases, endocrinal changes, inflammation and nutritional deficiencies [31] . The linear regression analysis confirmed the aforementioned and a positive association among the SMI and the level of a successful ageing was reported. Additionally, the stratified linear regression analysis by energy 15 balance group (i.e., positive vs. negative) was performed. According to the applied analysis, changes on SMI and on BF% were consistently related with the level of successful ageing among the energy balance groups. However, the aforementioned relationship between the SMI and the successful ageing level was less pronounced in the high energy balance group, a fact that indicates the possible interfering role of overnutrition [32] . The maintenance of energy balance is a very complex procedure in the older adults and especially in the oldest old [33] . As has been reported in the literature, throughout the ageing process the decline in skeletal muscle tissue often is replaced from fat mass [34] . This process could be accelerated throughout the positive energy balance in relation with the low metabolic rate and the high physical inactivity of the elders [35] .
Additionally well documented studies had proposed the role of macronutrients intake on skeletal muscle protein turnover [36] . Recently various studies were referred to positive balance between muscle protein synthesis and degradation after protein and amino acids dietary intake in the older adults [37, 38] . These findings, in combination with observations that were used in the present analysis (i.e., PRO/EI positively correlated with SMI and CHO/EI was inversely correlated with SMI), may explain the complex interrelations between the energy imbalance (positive o negative), dietary intake (macronutrients consumption), changes in body composition (i.e., SMI and BF) and successful ageing of older adults.
Taking into account the analysis by age group (i.e., older adults < 80 yrs vs. older adults > 80 yrs) the association between SMI, BF% and successful ageing were more pronounced among the oldest old individuals. Based on longitudinal data, BF% increases with age and appears a peak among the ages of 60 and 75 [39, 40] , while, muscle mass 16 declines progressively for the age of 30s and over and is more accelerated after the age of 60 years [41] . Moreover, the relation between SMI and successful ageing was more prominent among males. According to several researchers, the aforementioned associations could be the result of specific biological and physiological pathways related to advanced age [1, 30] and to the well known gender-health paradox [42] . In contrast, BF% increase is related with declines in the physical activity that appeared in the older population as well as with the interfering factor of positive energy balance [43] . . However, muscle mass loss is associated with testosterone and growth hormone declines due to the advanced age. Furthermore, in the older adults, the late response of the muscles on the insulin had been related with muscle mass declines. Moreover it had been reported that inflammation markers such as TNF-ߙ, IL-6, and C -reactive protein, are negatively related with skeletal muscle tissue, while hormones such as adiponectin and leptin are reported to be also associated with muscle mass loss throughout a complex bio-molecular signaling [1] . These bio-physiological pathways could possibly explain the association of SMI and BF% with successful ageing as well as them different effect on the advanced age and for the population on energy imbalance. The progressive muscle mass loss in the older adults, if accompanied with muscle strength and gait speed decline could lead to sarcopenia [46] , a condition related with various health risk factors [47] and with high healthcare expenditures for the state [48] . These associations raise some concerns about the need for early measures (i.e., physical exercise and nutritional and health interventions and education etc.) in order to promote healthy and successful ageing throughout the prevention of body composition changes (i.e., muscle mass loss and increase of body fat %).
Strengths and limitations
The present study has several strengths. It is the first study that tried to evaluate the association of body composition parameters (i.e., skeletal muscle tissue and BF%), and the level of successful ageing of a large sample of 'healthy', independently-living older people in the Mediterranean basin. Among limitations, the fact that this is a crosssectional study limits the potential for aetiological conclusions. Estimation of successful ageing among elders is a difficult task [8, 26, 27] . The calculation of BF% and ASM was based on equations that may under-or over-estimate the actual body composition rates.
However, these formulas have been previously validated and present good agreement with the classical methods of bioelectrical impedance measurements and dual-energy Xray absorptiometry (DXA) measurements [11, 13, 49] ; recently large epidemiologic studies have used these formulas for the calculation of skeletal mass and body fat in diverse populations [45, 30] . Another limitation is that the data analysis was not adjusted for menopause medication since the survey did not include a detailed medication intake assessment. Finally, the cumulative successful ageing index that was used here by simply adding the presence of the common determinants of the individuals may not accurately estimate the successful ageing status of these individuals.
Conclusion
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The present work investigated the role of body composition changes (BF% and SMI) on the successful ageing level of older Mediterranean people. It is of major interest nowadays to study the body composition transition of older people in order to understand the dynamics and the transforming nature of ageing. In the present study the successful agers had the better rates on ASM, SMI and BF%. Data analysis of the MEDIS study also revealed that major changes in body composition, like, the increase in the SMI and the BF%, might depict some of the major determinants of the successful ageing. Moreover the body composition changes were consistent among different sub-groups however the impact on successful ageing level was differentiated. Further exploration is needed in order to understand how these body composition factors interrelated and which are most important in the process of successful ageing. Taking into account the increased risk for the sarcopenia and sarcopenic obesity after the progressive loss of muscle mass tissue and the increase of fat mass [2] , the prevention of skeletal muscle mass and body fat present an important goal for the public health authorities in order to maintain older population's healthy and successful ageing.
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